t 



(19) 



(12) 



Europaisches Patentamt 
European Patent Office 
Off Ice europeen des brevets (n) 

EUROPEAN PATENT APPLICATION 



EP 0 985 654 A1 



(43) Date of publication: 

15.0&2000 Bulletin 2000/11 

(21) Application number: 99117428.5 

(22) Date of filing: 08.09.1 999 



(51) Int a 7 : C07C 67/02, C10L1/18, 
C10L1/02, C10M 105/34, 
C10Q 3/00 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES R FR G B GR IE IT U LU 


! • Sasaki, Toshio 


MCNLPTSE 


Ichlhara-shl, Chlba-ken (JP) 


Designated Extension States: 


• Suzuki, TomoyuW 


ALLTLVMKROSI 


Tsukuba-shl, Ibaraki-ken (JP) 


(30) Priority: 09.09.1998 JP 25528598 


• Okada, Fumlo 


Nllhama-shl, Ehlme-ken (JP) 


08.02.1999 JP 2994099 


(71) Applicant: 


(74) Representative: 


VOSSIUS & PARTNER 


SUMITOMO CHEMICAL COMPANY LIMITED 


Slebertstrasse 4 


Osaka-shl, Osaka 541-0041 (JP) 


81675 Munchen (DE) 



< 

in 

CD 

ID 
CO 



(54) Method for preparing fatty acid esters and fuel comprising fatty acid esters 

(57) Fatty acid esters, which are prepared by react- 
ing fats and oils with an alcohol in the absence of a cat- 
alyst under a condition under which at least one of the 
fats and oils and the alcohol is in a supercritical state, 
are useful as fuels such as diesel fuels, lubrication base 
oils or fuel additives. 



CL 
LU 



Printed by xerm (UK) Business 
2.18.7/3.6 



f 



EP0 985 654A1 



Description 



10 



15 



20 



25 



30 



35 



[0001] The present invention relates to a method for preparing fatty acid esters by the reaction of fats and oils with 
alcohols, and a fuel comprising fatty acid esters which are prepared by such a method. 

[0002] Fats and oils comprising triglycerides, that is. esters of glycerol with fatty acids, and fatty acid esters which are 
obtained by the transesterif ication of tots and oils with alcohols are widely used as industrial raw materials or medicines. 
[0003] A method is reported, which produces diesel fuels or lubrication base oils containing fatty acid esters as sub- 
stitutes for mineral oils by the transesterif ication of fats and oils with alcohols. For example, the methods disclosed in 
JP-A-7-1 97047 and JP-A-9-235573 prepare a diesel fuel by reacting waste edible oils and methanol in the presence of 
sodium hydroxide. 

[0004] US-A-5713965 discloses a method for the preparation of a diesel fuel and a lubricant containing fatty acid 
esters by the reaction of fats and oils with alcohols in hexane as a solvent in the presence of lipase. 
[0005] Furthermore, a method is known, which prepares fatty acid esters by the reaction of fats and oils with alcohols 
while introducing a catalyst under pressure (Uilmanns EnzyWopadie der technischen Chemie, 4th Ed, Vol. 11 (1976) 
432) . That is, fats and oils are reacted with the 7 to 8 times excessive amount of alcohols at a temperature of 240°C 
under a pressure of 10 MPa in the presence of an alkali catalyst or a zinc catalyst 

[0006] However, the methods for the preparation of fatty acid esters using catalysts have some drawbacks such that 
the yield of fatty acid esters decreases due to the by-production of fatty acid salts and fatty acids, or the process steps 
become complicated to remove catalysts and fatty acid salts. Thus, it is highly desired to provide a simple method for 
the preparation of fatty acid esters at a high yield. 

[0007] Hitherto, waste fats and oils are drained with no treatment, treated with coagulating agents and then discarded, 
burnt, or buried in ground. However, such post-treatment of waste fats and oils become the focus of public attention as 
one cause of environmental pollution, since the waste fats and oils are poorly decomposed under environmental con* 
ditions. Thus, a method for the preparation of a useful material containing fatty acid esters such as a diesel fuel from 
waste fats and oils in the absence of a catalyst is very advantageous from the viewpoint of environmental pollution, and 
the recover and recycle of resources. 

[0008] One object of the present invention is to provide a simple method for the preparation of fatty add esters at a 
high yield from fats and oils and alcohols. 

[0009] Another object of the present invention is to provide a fuel such as a diesel fuel, a lubrication base oil or a fuel 
additive, comprising fatty acid esters which can be prepared by a simple method. 

[0010] Accordingly, the present invention provides a method for preparing a fatty acid ester comprising the step of 
reacting fats and oils with an alcohol in the absence of a catalyst under a condition under which at least one of the fats 
and oils and the alcohol is in a supercritical state. 

[001 1] Furthermore, the present invention provides a fuel, a diesel fuel, a lubrication base oil or a fuel additive, com- 
prising at least one fatty acid ester which is prepared by the above method of the present invention. 
[0012] The main reaction in the method according to the present invention is represented by the following reaction 
scheme: 



40 



45 



50 



CH 2 OCOR l 
I 

CH 3 OCOR 3 



CH 2 OCOR 3 
1 

Triglyceride 
of fatty acid 



R 4 -OH 



Supercritical 
state condition 

No catalyst 



2 

Alcohol 



R l COOR 4 CH 2 OH 
I 

-> R 2 COOR 4 + CHOH 
I 

R 3 COOR 4 CH 2 OH 
3 4 

Fatty acid Glycerol 
esters 



wherein R 1( R 2 and R 3 each independently represent an aliphatic hydrocarbyl group having 6 to 24 carbon atoms and 
0 to 5 double bonds, and R 4 is a a hydrocarbyl group having 1 to 10 carbon atoms, or a hydrocarbyioxyi group-substi- 
55 tuted hydrocarbyl group having 2 to 10 carbon atom in total. 

[0013] Fats and oils used in the method of the present invention comprise a triglyceride 1 in the above reaction 
scheme, and may be natural or synthetic ones. 

[0014] Specific examples of fats and oils include lard oil, chicken oil, butter oil, beef tallow, cocoa butter oil, corn oil. 
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peanut oil. cottonseed oil, soybean oO. palm ofl. oDve oil, safflower oil, linseed oil. coconut oil, oak oil, almond on, apricot 
kernel oil, beef bone fat, walnut on, casta oD, chaulmoogra ofl. Chinese vegetable tallow, cod-liver oil, cotton seed 
stearin, sesame oil. deer ofl, dolphin oil, sardine oil. mackerel oil. horse fat, seam (lard), bone oil. sheep oil, neat s foot 
oil. palm oil, palm kernel oil. harbor porpoise oil, shark ofl. sperm whale oil, tung ofl and whale ofl. Furthermore, mixtures 
5 of two or more fats and oils, fats and oils containing diglyceride and/or monoglycerlde and partially modified (e.g. oxi- 
dized or reduced) fats and oil may also be used. 

[001 5] Fats and oils may contain other materials. Examples of the other materials include crude oil, heavy ofl. gas ofl. 
mineral oil, essential oil. coal, tatty adds, saccharides, metal powders, metal salts, proteins, amino acids, rjydrocarbons. 
cholesterol, flavors, coloring compounds, enzymes, perfumes, alcohols, fibers, resins, rubbers, paints, cements, deter- 
io gents, aromatic compounds, aliphatic compounds, smut glass, sand, nitrogen-containing compounds, sulfur-contain- 
ing compounds, phosphorus-containing compounds and halogen-containing compounds. 

[001 6] It is preferable to remove such other materials by a suitable method such as filtration or distillation prior to the 
reaction. When the other materials may participate in the reaction, for example, they interfere with the reaction, or when 
they are solid materials, they may cause the blocking of facilities used in the production process. 
is [001 7] Distillation methods include vacuum distillation, steam distillation, molecular distillation, and extractive distilla- 
tion. 

[001 8] Examples of fats and oils include waste fats and oils and waste edible oils. 

[001 9] The kind of an alcohol (compound 2 in the above reaction scheme) is not limited. Preferably, an alcohol of the 
formula (1) : 

20 

R-OH (1) 

wherein R is a hydrocarbyl group having 1 to 10 carbon atoms, or a hydrocarbyloxyJ group-substituted hydrocarbyl 
group having 2 to 10 carbon atom in total is used. 
25 [0020] Examples of a hydrocarbyl group having 1 to 10 carbon atoms include alkyl groups, aralkyl groups, alkenyl 
groups and alkynyl groups. 

[0021] Specific examples of alcohols of the formula (1) in which R is an alkyl group are methanol, ethanol, n-propanol, 
isopropanol, n-butanol. Isobutanol, tert-butanol, pentanol, hexanol, cyclohexano! and heptanoi. 
[0022] Specific examples of alcohols of the formula (1) in which R is an aralkyl group are benzyl alcohol, a-phenethyl 
30 alcohol and p-phenethyl alcohol. Among them, benzyl alcohol is preferable. 

[0023] Specific examples of alcohols of the formula (1) in which R is an alkenyl group are aJlyl alcohol. 1 -methylallyl 
alcohol, 2-methylallyl alcohol, 3-buten-i -ol and 3-buten-2-ol. Among them, allyl alcohol is preferable. 
[0024] Specific examples of alcohols of the formula (1 ) in which R is an alkynyl group are 2-propyn-1 -ol. 2-butyn-1 -ol. 
3-butyn-1-ol and 3-butyn-2-ol. 

35 [0025] Specific examples of alcohols of the formula (1 ) in which R is a hydrocarbyloxy group-substituted hydrocarbyl 
group having 2 to 10 carbon atom in total are 2-methoxyethanol, 2-methcxypropanyl and 3-methoxybutanol. 
[0026] In particular, an alcohol of the formula (1) in which R is an alkyl group having 1 to 4 carbon atom is preferable. 
Specific examples of such an alcohol include methanol (R = a methyl group), ethanol (R ° an ethyl group), propanol (R 
= a propyl group), isopropanol (R = an isopropyi group), n-butanol (R «= a n -butyl group), isobutanol (Roan isobutyl 

40 group) and tert-butanol (R « a tert.-butyl group). Among them, methanol and ethanol are preferable, and methanol is 
more preferable. 

[0027] Alcohols may be used singly or in admixture of two or more alcohols. 

[0028] Optical isomers of an alcohol may be used, when the alcohol has optical isomers. 

[0029] Typical examples of fatty add esters 3 produced by the above reaction scheme indude esters of valeric acid. 
46 caproic acid, enarrthoic add. caprylic acid, pelargonic add, capric add. undecylic add, lauric acid, tridecylic acid, myr- 

istic acid, pentadecylic add, palmitic acid, heptadecylic add, stearic add, nonadecanoic acid, arachidic acid, behenic 

acid. Hgnoceric acid, cerotic acid, heptacosanoic acid, montanic add, melissic add, lacceric acid, crotonic acid, isocro- 

tonic acid, undecytenic add, oleic acid, elaidic acid, cetoleic acid, erudc acid, brassidic acid, sorbic acid, linoleic acid. 

linoienic acid, arachidonic add, propioiic acid, stearolic acid, nervonic acid, lidnoleic add, (+)-hydnocarpic add and (+)- 
so chaulmoogric add. The kind of an alcohol residue in an ester depends on the Kind of an alcohol used. For example, 

when methanol is used as an alcohol, a methyl ester is obtained. When ethanol is used as an alcohol, an ethyl ester is 

obtained. 

[0030] When fatty add residues have optical isomers, fatty acid esters 3 Include the fatty acid esters of such optical 
isomers. 

55 [0031 ] According to the method of the present invention, glycerol 4 is obtained in addition to fatty acid esters. 
[0032] Reaction conditions employed in the method of the present invention will be explained. 
[0033] The method of the present invention is characterized in that a fat and an oil is reacted with an alcohol in the 
absence of a catalyst under conditions where the fat and dl and/or the alcohol is In a supercritical state. 
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[0034] The term "supercritical state" as used herein is now explained. 

[0035] A material has three specific states, that is, a gas state, a liquid state and a solid state. Furthermore, a material 
has a fluid state in which it is not condensed by the application of a pressure, when a temperature exceeds a supercrit- 
ical temperature. Such a state of a materia) is called a supercritical stata 

5 [0036] A fluid in a supercritical state has different properties from those of a liquid or a gas. In a supercritical state, 
the density of a fluid is close to that of a liquid, the viscosity of a fluid is close to that of a gas, and the thermal conduc- 
tivity and diffusion coefficient of a fluid are intermediate between those of a gas and a liquid. Thus, a fluid functions as 
a non-liquid solvent, and is favorable to mass transfer due to its low viscosity and high diffusivrty. In addition, such a liq- 
uid can achieve high heat transmission due to its high heat conductivity. The reactivity in a supercritical state is higher 

w than that in usual gas and liquid states as explained above, and thus a transesterification reaction is much facilitated. 
[0037] Herein, "a condition under which at least one of the tat and oil and the alcohol is in a supercritical state" means 
one of the following conditions (a), (b) and (c) : 

(a) a temperature condition under which the mixture of a fat and an oil. and an alcohol is in a supercritical state; 
is (b) a temperature condition under which an alcohol is in a supercritical state; 

(c) a temperature condition under which a fat and an oil is in a supercritical state. 

[0038] Among the above conditions, condition (a) or (b) is preferable. 
[0039] Condition (b) will be explained more in detail. 

20 [0040] When methanol is used as an alcohol, a reaction is carried out at a temperature of at least 240°C, since the 
critical temperature of methanol is 240°C. When ethanol is used as an alcohol, a reaction is carried out at a temperature 
of at least 243°C, since the critical temperature of ethanol is 243°C. When propanol is used as an alcohol, a reaction is 
carried out at a temperature of at least 264°C. since the critical temperature of propanol is 264°C. When isopropanol is 
used as an alcohol, a reaction is carried out at a temperature of at least 236°C, since the critical temperature of isopro- 

25 panol is 236°C. When butanol is used as an alcohol, a reaction is carried out at a temperature of at least 287*C. since 
the critical temperature of butanol is 287°C. When isobutanol is used as an alcohol, a reaction is carried out at a tem- 
perature of at least 275°C, since the critical temperature of isobutanol is 275°C. When tert-butanol is used as an alco- 
hol, a reaction is carried out at a temperature of at least 233°C. since the critical temperature of tert. -butanol is 233°C. 
[0041] The upper limit of the reaction temperature is not limited. Preferably, a reaction temperature does not exceed 

30 400°C. 

[0042] The upper limit of the reaction pressure is not limited. A pressure does not exceed 25.0 MPa. since the 
improvement of the pressure resistance of a reaction vessel will cost much. The lower limit of the reaction pressure is 
not critical, and is preferably 0.4 MPa or higher to increase a yield. 

[0043] Another characteristic of the present invention is that no or few catalyst is used. That is. a catalyst is not added 
35 to a reaction system, or a catalyst is added to a reaction system in a very small amount for example. 0. 1 wt % or less 
of the weight of fats and oils. The substantial nonuse of a catalyst provides some advantages such that a series of 
industrial process steps are simplified, and production costs can be reduced. In addition, by-products such as fatty acid 
salts or free fatty acids are not formed, and thus fatty acid esters can be prepared at a high yield. Herein, catalysts mean 
conventional catalysts such as alkali catalysts and zinc catalysts. Examples of alkali catalysts include sodium hydrox- 
40 ide. potassium hydroxide, sodium alkoxides. potassium alkoxides, alakaline earth metal alkoxides, alkali metal carbon- 
ates, alkaline earth metal carbonates, alkali metal titanates and alkaline earth metal titanates. 
[0044] The reaction time in the method of the present invention depends on various factors such as the kinds of fats 
and oils and alcohols, other reaction conditions, a required yield, etc. In general, the reaction time is from 1 to 460 min- 
utes. When the reaction time is less than one minute, the reaction may not sufficiently proceed. A reaction time longer 
4s than 480 minutes may be unfavorable from the viewpoint of production costs. 

[0045] The molar amount of the alcohol per one mote of triglycerides of fatty acids (compound 1 in the above reaction 
scheme), which are contained in fats and oils, depends on the kinds of fats and oils and alcohols. In general, the alcohol 
is preferably used in an amount of 3 to 1 ,000 moles per one mole of triglyceride. 

[0046] The reaction of the present invention may be carried out in various reaction modes. For example, the reaction 
so can be earned out in a batch system or a continuous system. 

[0047] In the method of the present invention, fats and oils and alcohols may be homogeneously mixed, or they may 
be separated to form two phases insofar as they can be reacted with each other. 

[0048] When fats and oils and alcohols are separated to form two phases, the reaction can proceed effectively by the 
increase of the contact area of the two phases by stirring. 
55 [0049] The reaction mixture after the completion of the reaction contains fatty acid esters, glycerol, and unreacted 
excessive alcohols. The reaction mixture may contain unreacted raw materials, and other impurities. 
[0050] The fatty acid esters and glycerol are isolated from the reaction mixture and purified to a desired purity for 
respective applications. 
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[0051 ] The purification method is not limited, and any conventional purification method such as distillation, and extrac- 
tion may be employed according to the properties of the produced fatty acid esters. 

[0052] For example, unreacted alcohols are evaporated and may be recovered from a reaction mixture, e.g. by vac- 
uum distillation, and then the resulting mixture after the evaporation of alcohols is separated Into a light liquid compris- 
5 ing fatty acid esters and a heavy liquid comprising glycerol. Furthermore, the reaction mixture is separated into a light 
liquid comprising fatty acid esters and a heavy liquid comprising glycerol, and then unreacted alcohols are evaporated 
off from both liquids. 

[0053] Apart from distillation such as vacuum distillation, unreacted alcohols may be separated from the reaction mix- 
ture, e.g. by mixer-settler extraction, liquid-liquid extraction, extraction with a pulse column, jet type extraction and Pod* 
io bielniak rotating extraction. Alcohols can be completely separated to recover only fatty acid esters, while fatty acid 
esters containing residual alcohols may be recovered. 

[0054] In general, the fatty acid ester product prepared by the method of the present invention is a mixture comprising 
at least two fatty acid esters, when natural fats and oils are used. In such a case, the mixture may be used without iso- 
lation, or one or more specific fatty acid esters may be isolated by any conventional method such as distillation and 
is extraction, if necessary. 

[0055] Fatty acid esters prepared by the method of the present invention can be used alone or in admixture with one 
or more other components in accordance with requirements for specific applications, for example, a fuel such as a die- 
set fuel, a lubrication base oil and a fuel additive. 

[0056] In the case of using as a diesel fuel, the ignition properties and the viscosity of the fuel are important, as 
20 described in NEW EDITION "AUTOMOBILE TECHNOLOGY HANDBOOK" (edited by SHADAN-HOJIN JIDOSHA 
GUUTUKAf) . If fatty acid esters having a relatively low viscosity are used, they will cause abrasion or seizing of the 
diesel engine. Thus, it is necessary to use fatty acid esters having a suitable viscosity for a diesel engine. If fatty acid 
esters have very large molecular weights, they will cause bad odors or smokes. Such fatty acid esters are not desirable. 
[0057] For example, the methyl esters, ethyl esters, isopropyi esters and isobutyl esters of fatty acids are preferably 
25 used as diesel fuels. Among them, isopropyi esters and Isobutyl esters of fatty acids are high performance diesel fuels 
even at low temperatures. 

[0058] The viscosity of the fatty add esters is also important when they are used as lubrication base oils. Fatty acid 
esters having a relatively high viscosity are desired so that they exhibit high lubrication properties when they are used 
in hot seasons, while those having a relatively low viscosity and high f lowability are preferred when they are used in cold 

so seasons or cold areas. Thus, a wide variety of fatty acid esters can be used as lubrication base oils. 

[0059] Fuel additives are added to fuels mainly for the purpose of decreasing friction, and have substantially the same 
functions as lubricant oils. Thus, fuel additives are required to have the same properties as lubrication base oils. 
[0060] The fatty acid esters prepared by the method of the present invention may contain glycerol, unreacted exces- 
sive alcohols, unreacted fats and oils, and other impurities, which may be contained in the reaction mixture after the 

35 completion of the reaction, insofar as they do not cause any problems when the fatty acid esters are used for certain 
applications. 

[0061 ] The conversion of fats and oils can be increased depending on the application of fatty acid esters by repeating 
the above reaction under the conditions according to the present invention. 

[0062] The present invention provides a simple method for the preparation of fatty acid esters at a high yield from fats 
40 and oils and alcohols, and a fuel such as a diesel fuel, a lubrication base oil or a fuel additive, comprising fatty acid 
esters which are prepared by such a simple method. When the method of the present invention is applied to waste fats 
and oils, useful fuels can be easily prepared from the waste fats and oils. Thus, the present invention is very useful from 
the viewpoint of the reuse of resources and the prevention of environmental pollution. 

[0063] The present invention will be illustrated by the following examples, which will not limit the scope of the present 
45 invention in any way. 

[0064] The amounts of reactant materials and products were calculated by an area percentage method based on the 
total amounts of the ions of materials which were detected using a gas chromatography-mass spectrum analyzer (man- 
ufactured by YOKOGAWA ELECTRIC CORPORATION)- The conversion of fats and oils was calculated from the 
weights of fats and oils before and after the reaction by sampling fats and oils which remained in the reaction mixture 
so after the reaction. 

[0065] In the Examples and Comparative Examples, waste soybean oil, which is one example of waste edible oils, 
was used, except that fresh soybean oil was used in Example 9. 

Example 1 

55 

[0066] Waste soybean oil (4.31 7 g) and methanol (1 .71 3 g) were charged into an autoclave (made of SUS 31 6; length: 
15 cm; inner diameter: 0.8 cm; capacity: 9 ml), and placed in an oven with laying the autoclave on Hs side. Then, the 
temperature of the oven was raised to 300°C to initiate the reaction, and the reaction was carried out without stirring. 
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After 30 minutes from the initiation of the reaction, the autoclave was quenched The autoclave was cooled to room tem- 
perature, and the reaction mixture was recovered from the autoclave. The products were analyzed by the above- 
described method. The major products were methyl esters of fatty acids, and the conversion of waste soybean oil was 
100wt%. 

5 [0067] The autoclave used in this Example was not equipped with a pressure gauge. Thus, the following experiment 
was done to estimate the pressure in the autoclave in the course of the reaction: 

[0068] A pressure gauge was attached to the same autoclave as used in this Example. Then, the same amounts of 
waste soybean oil and methanol were charged into the autoclave and heated with a sand bath to the same temperature 
as that employed in this Example, and a pressure was measured. 
10 [0069] The estimated pressure in the course of the reaction was 6.5 MPa. 
[0070] The results are shown in Table 1 . 

Examples 2-3 and Comparative Example 1 

is (0071 ] Waste soybean oil and methanol were reacted in the same manner as in Example 1 except that the reaction 
temperature was changed as shown in Table 1 . The results are shown in Table 1 . 

[0072] It can be seen from those results that the conversion at 220°C was much lower than that at 240°C or higher. 
Example 4 

20 

[0073] Waste soybean oil (5.509 g) and methanol (1 .01 6 g) were charged into an autoclave (made of SUS 316; capac- 
ity: 9 ml) and heated to 300*C with a sand bath to initiate the reaction. After 30 minutes from the initiation of the reaction, 
the autoclave was quenched. The autoclave was cooled to room temperature, the reaction mixture was recovered from 
the autoclave. The products were analyzed by the above-described method. The major products were methyl esters of 
25 fatty acids, and the conversion of waste soybean oil was 95 wt %. 

[0074] The estimated pressure, which was measured in the same way as that in Example 1 , was 0.4 MPa. The results 
are shown in Table 1. 

Examples 5-6 and Comparative Example 2 

30 

[0075] Waste soybean oil and methanol were reacted in the same manner as in Example 4 except that the reaction 
temperature was changed as shown in Table 1 . The results are shown in Table 1 . 

[0076] It can be seen from those results that the conversion at 220°C was much lower than that at 240°C or higher. 
35 Examples 7-8 

[0077] Waste soybean oil and methanol were reacted in the same manner as in Example 1 except that the reaction 
temperature and the reaction time were changed as shown in Table 1 . The results are shown in Table 1 . 
[0078] The reaction proceeded at a conversion of 100 % under the conditions of Example 8, although the reaction 
40 time was as short as 1 0 minutes. 

Example 9 

[0079] Fresh soybean oil (available from WAKO JUNYAKU Co., Ltd.) and methanol were reacted under the same 
45 reaction conditions as those in Example 1 . The results are shown in Table 1 . 

[0080] It can be seen from those results that the reaction proceeded at a high conversion when fresh soybean oil was 
used In place of waste soybean oil. 



Table 1 
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Temp. (°C) 


Pressure 
(MPa) 


Time (min.) 


Molar ratio 
of metha- 
nol to gtyc- 
eride 


Conversion 
of soybean 
oil (wt %) 


Amount of 
soybean oil 
(9) 


Amount of 
Methanol (g) 


Ex. 1 


300 


(6.5) 


30 


10 


100 


4.317 


1.713 


Ex.2 


270 




30 


10 


75 


4.324 


1.743 
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Table 1 (continued) 
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Terra f°C> 


Pressure 
(MPa) 


Tlma f min \ 


nnuitti (allU 

of metha- 
nol to gtyc- 
enae 


of soybean 
ofl (wt %) 


njiwum Ul 

soybean oil 

(g) 


mi i muni Ul 

Methanol (g) 


CX. 3 


OCA 

cgU 




OU 


10 


29 


4.313 


1.712 


V-». EX. 1 






ou 


10 


10 


4.301 


4 "TOO 

i ./so 


Ex. 4 


300 




uv 


c 






1 nifi 


Ex.5 


270 




30 


5 


32 


5.524 


1.069 


Ex.6 


250 




30 


5 


29 


5.496 


1.035 


C. Ex 2 


220 




30 


5 


4 


5.45 


1.05 


Ex.7 


300 


(7.5) 


30 


20 


100 


3.636 j 


2.525 


Ex.8 


350 


(14) 


10 


5 


100 


5.218 


1.096 


Ex. 9 


300 




30 


10 


100 


4.362 


1.759 
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[0081 ] In Examples 1 -9 and Comparative Examples 1 -2, the autoclave was laid on Its side in an oven or a sand bath 
to carry out the reaction with maintaining a large contact area between the soybean oil and methanol. 

Example 10 

25 

[0082] Waste soybean oil (0.396 g) and methanol (5.734 g) were charged into an autoclave equipped with a pressure 
gauge (manufactured by NITTO KOATSU KABUSHIKIKAISHA; made of SUS 316; length: 10 cm; inner diameter: 1.5 
cm; capacity: 20 ml), and the air in the autoclave was replaced with argon gas. Then the autoclave was heated to 300°C 
with a sand bath to initiate the reaction. The pressure in the course of the reaction was 10 MPa. After 30 minutes from 
30 the initiation of the reaction, the autoclave was quenched. When the autoclave was cooled to room temperature, the 
reaction mixture was recovered from the autoclave. The products were analyzed by the above-described method. The 
conversion of waste soybean oil was 100 wt. %, and 0.463 g of the methyl esters of fatty acids were obtained. The 
results are shown in Table 2. 

35 Example 11 

[0083] Waste soybean oil (0.367 g) and methanol (3.737 g) were charged into an autoclave equipped with a pressure 
gauge (made of SUS 316; length: 15 cm; inner diameter: 0.8 cm; capacity: 9 ml), and the air in the autoclave was 
replaced with argon gas. Then the autoclave was heated to 250°C with a sand bath to initiate the reaction. The pressure 
40 in the course of the reaction was 10 MPa After 1 (one) hour from the initiation of the reaction, the autoclave was 
quenched. When the autoclave was cooled to room temperature, the reaction mixture was recovered from the auto- 
clave. The products were analyzed by the above-described method. The conversion of waste soybean oil was 100 wt. 
%, and 0.394 g of the methyl esters of fatty acids were obtained. The results are shown in Table 2. 

45 Example 12 

[0084] Waste soybean oil (0.305 g) and methanol (3.759 g) were charged into an autoclave equipped with a pressure 
gauge (made of SUS 316; capacity: 9 ml), and the air in the autoclave was replaced with argon gas. Then the autoclave 
was heated to 240°C with a sand bath to initiate a reaction. The pressure in the course of the reaction was 10 MPa. 
so After 30 minutes from the initiation of the reaction, the autoclave was quenched. When the autoclave was cooled to 
room temperature, the reaction mixture was recovered from the autoclave. The products were analyzed by the above- 
described method. The conversion of waste soybean oil was 74 wt %, and 0.124 g of the methyl esters of fatty acids 
were obtained. The results are shown in Table 2. 

55 Comparative Example 3 

[0085] Waste soybean oil (0.325 g) and methanol (3.738 g) were charged into an autoclave equipped with a pressure 
gauge (made of SUS 31 6; capacity: 9 ml), and the air in the autoclave was replaced with argon gas. Then the autoclave 
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was heated to 180°C with a sand bath to initiate the reaction. The pressure in the course of the reaction was 4 MPa, 
After 1 (one) hour from the initiation of the reaction, the autoclave was quenched. When the autoclave was cooled to 
room temperature, the reaction mixture was recovered from the autoclave. The products were analyzed by the above- 
described method. The conversion of waste soybean oil was 30 wt %. The results are shown in Table 2. 

5 

Example 13 

[0086] Waste soybean oil (2. 1 1 7 g) and methanol (5.991 g) were charged into an autoclave equipped with a pressure 
gauge (manufactured by NITTO KOATSU KABUSHIKIKAISHA; made of SUS 316; length: 10 cm; inner diameter: 1.5 

10 cm; capacity: 20 mf) , and the air in the autoclave was replaced with argon gas. Then the autoclave was heated to 300°C 
with a sand bath to initiate a reaction. The pressure in the course of the reaction was 9 MPa. After 30 minutes from the 
initiation of the reaction, the autoclave was quenched. When the autoclave was cooled to room temperature, the reac- 
tion mixture was recovered from the autoclave. The products were analyzed by the above-described method. The con- 
version of waste soybean oil was 60 wt %. and 0.572 g of the methyl esters of fatty adds were obtained. The results 

75 are shown in Table 2. 

Comparative Example 4 

[0087] Waste soybean oil (0.350 g) and methanol (1 .508 g) were charged into an autoclave equipped with a pressure 
20 gauge (made of SUS 316; capacity: 9 ml), and the air in the autoclave was replaced with argon gas. Then the autoclave 
was heated to 200°C with a sand bath to initiate the reaction. The pressure in the course of the reaction was 2.5 MPa. 
After 60 minutes from the initiation of the reaction, the autoclave was quenched. When the autoclave was cooled to 
room temperature, the reaction mixture was recovered from the autoclave. The products were analyzed by the above- 
described method. The conversion of waste soybean oil was 35 wt %. The results are shown in Table 2. 

25 

Comparative Example 5 

[0088] Waste soybean oil (0.095 g) and a largely excessive amount of sodium methylate were reacted in methyl ace- 
tate as a solvent at 80°C for 8 hours. The conversion of waste soybean oil was 100 wt. %, and 0.033 g of methyl esters 
30 of fatty acids were obtained. In addition to the methyl ester of fatty acids, 0.01 7 g of fatty acids were formed. 



Table 2 



35 





Temp. (°C) 


Pressure 
(MPa) 


Time (min) 


Molar ratio 
of metha- 
nol to glyc- 
eride 


Conversion 
of soybean 
oil (wt %) 


Amount of 
soybean oil 

(g) 


Amount of 
Methanol (g) 


Ex. 10 


300 


10 


30 


400 


100 


0.396 


5.734 


Ex. 11 


250 


T 


60 


300 


100 


0.367 


3.737 


Ex.12 


240 


T 


30 


300 


74 


0.305 


3.759 


C.Ex.3 


180 


4 


60 


300 


30 


0.325 


3.738 


Ex.13 


300 


9 


30 


75 


60 


2.117 


5.991 


C.Ex.4 


200 


2.5 


60 


120 


35 


0.35 


1.508 



[0089] The reactions in Examples 1 0-1 3 and Comparative Examples 3 and 4 were carried out with placing the auto- 
so claves in the sand bath with their bottom downward. Thus, the contact area between the waste soybean oil and meth- 
anol decreased, and therefore the reactivity was lower than that achieved by the reaction carried out with laying the 
autoclave on its side. 

Claims 

55 

1 . A method for preparing a fatty acid ester comprising the step of reacting fats and oils with an alcohol in the absence 
of a catalyst under a condition under which at least one of the fats and oils and the alcohol is in a supercritical state. 
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2 - A method according to claim 1 . wherein the reaction is carried out under a condition under which said alcohol is in 
a supercritical state. 

3. A method according to daim 1 , wherein the reaction pressure is not exceeding 25 MPa. 

5 

4. A method according to daim 1. wherein said alcohol is an alcohol of the formula: 

R-OH 

10 wherein R is a hydrocarbyi group having 1 to 10 carbon atoms, or a hydrocarbyloxyl group-substituted hydrocarbyl 
group having 2 to 10 carbon atom in total. 

5. A method according to claim 4, wherein the R group in the formula: R-OH is an alkyl group having 1 to 4 carbon 
atoms. 

15 

6. A method according to daim 5, wherein the R group in the formula: R-OH is a methyl group or an ethyl group. 

7. A method according to daim 6, wherein the R group in the formula: R-OH is a methyl group 
20 8. A method according to daim 1 , wherein said fat and oil is a waste fat and oil. 

9. A method according to daim 1 , wherein said fat and oil is a waste edible oil. 

10. A fuel comprising a fatty acid ester prepared by a method as daimed in any one of claims 1 to 9. 

25 

11. A cfiesel fuel comprising a fatty acid ester prepared by a method as daimed in any one of claims 1 to 9. 

12. A lubrication base oil comprising a fatty add ester prepared by a method as claimed in any one of daims 1 to 9. 
30 1 3. A fuel additive comprising a fatty add ester prepared by a method as claimed in any one of daims 1 to 9. 
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